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BACKGROUND: Organopha;phate (OP) pesticides are widely used in agriculture and homes. Animal 
studies suwst that ewn moderate da!es are neuroclevelopmental toxican1s, but there are feN studies 
in humans. 

OBJECTIVES: We investigated the relationship of prenatal and child OP urinary metabolite levels 
with children's neurodevelopment. 

METHODS: Participating children 11\ere from a longitudinal birth cohort of primarily Latino farm
worker families in California We measured six nonspecificdialkylpha;phate (DAP) metabolites in 
maternal and child urine as well as metabolites specific to malathion (M DA) and chlorpyrifos 
(TCPy) in maternal urine. We examined their association with children's performance at 6 (n = 
396), 12 (n = 395), and 24 (n = 372) months of age on the BaylE¥ Scales of Infant Development 
[Mental Development (MD I) and fl!¥:hornotor Development (PO I) I ndioes] and mother's report 
on the Child Behavior Checklist (CBCL) f1 = 356). 

REsuLTS: Generally, pregnancy DAP levels were negatNely associated with MD I, but child measures 
11\ere positively associated. At 24 months of age, these associations reached statistical significance [per 
10-fold increase in prenatal DAPs: f3 = -3.5 poin1s; 95% oonfidence interval (CI), -6.6 to -0.5; child 
DAPs: f3 = 2.4 poin1s; 95% Cl, 0.5 to 4.2]. Neither prenatal nor child DAPs 11\ere associated with 
POl or CBCL attention problems, but both prenatal and postnatal DAPs were associated with risk 
of pervasive <:lewloprnental disorder [per 10-fold increase in prenatal DAPs: odds ratio (OR) = 2.3, 
p= 0.05; child DAPs OR= 1.7, p= 0.04]. MD A and TCPywere not associated with any outcome. 
CONCLUSIONS: We report adverse associations of prenatal DAPswith mental development and per
vasive <:lewloprnental problems at 24 months of age. Resul1s should be interpreted with caution 
given the observed positive relationship with postnatal D APs. 
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More than one billion pounds of pesticides 
are us:;d annually in the United States, thrre
quarters of which are ured in agriculture 
(Donaldson et al. 2002). Recent biological 
monitoring studies indicate that pesticide 
exposures are wicle;plffid in the U.S. popula
tion, including to pregnant worren and chil
dren [Barret al. 2004; BerkONitz et al. 2003; 
Bradman et al. 2005; Centers for Dis:xre 
Control and Prevention (CDC) 2006; Fenske 
etal. 2000; Whyattetal. 2003]. 

There is evidence that fetuses can be 
expcred to pesticides. R:sticides pee; through 
the blood-brain barrier and pla:enta and have 
also bEen found in amniotic fluid (Bradrnan 
et al. 2003). In a::ldition, relati\.e to their body 
size, young children may ra:ei've grffil:er expo
sure than a::lults, OOa.re they 831:, drink, and 
breathe more per unit of body weight 
(National REEEI3rch Council 1993). They are 
clerer to the floor and surfco:s where pesti
cides may rettle, and have extensi've hand-to
mouth con~t (Zartarian et al. 2000). 

Fetures and young children may also be 
more susceptible to potential neurotoxic 
effects of pesticides, becaure their brains are 

developing rapidly (Rice and Barone 2000). 
Organopha:phates ( OFS) and carbamate; blffik 
down theenzyrrea:etylcholinEStera:e (AChE), 
allffidy ICl\l\€r during pregnancy (Evanset al. 
1988), allowinga:etylycholineto build up in 
the neuronal junction. AChE inhibition dis
rupts cell replication and differentiation, synap
t~, and axon~ (Bigb:eet al. 2000; 
Lauder and Schambra 1999). It is likely that 
pesticides also act through nonchol i nergic 
m:chanisTs involving alterations in explffi>ion 
and function of nuciEElr transcription factors 
(Dam et al. 2003). Ra:ent studiEs ha.e shONn 
that fetures and young children have lo\f\.er
than-adult levels of detoxifying enzymes 
(paraoxonare or chlorpyrifos-oxona::e) that 
dxctivate OFS (Furlong et al. 2006; Holland 
et al. 2006), sug;:J:SI:ing that they may be more 
vulnerable to th:reexpasures. 

Nurrerous animal studies ha\.e demon
strated that in utero or EElrly exposure to OP 
pesticides affect neurodeveloprrent (Eskenazi 
et al. 1999). Although acute poisonings can 
caure neurologic impairment in children 
(Zwiener and Ginsburg 1988), few studies 
have~ neurodevelopment of young 

children after ION-Ia€1 OP pesticide exposure 
(GrandjEEln et al. 2006; Guilletteet al. 1998; 
Rauh et al. 2006; Ruckart et al. 2004; Young 
et al. 2005), and even fewer have done so 
using biomarkers of exposure. In an ecologic 
study (Guillette et al. 1998), 33 Yaqui 
Mexican 4- to 5-year-olds living in a valley 
where OFS, organochlorinES (OC), and other 
pesticides \f\.ere ured \f\.ere compared with 17 
children I ivi ng where no pesticides Vl€re ured. 
Expcred children sho\l'ved lONer performance 
in grrn; motor, eye-hand coordination, draw
a-person, and delayed recall. In a study of 2-
to 12-)e:lr-olds living in Missiffiippi and Ohio 
where rrethyl parathion wcs illegally sprayed 
in homes, expcred children shClV\€CI c:IEc!a:m:l 
relectiveattention, delayed 'verbal memory, 
poorer motor skills, and l::a1a/ioral problems; 
)€t the authors c:le:rred the results inconclu
sive becaure of inconsistent findings acrOS5 
sites (Ruckart et al. 2004). A ra:ent inVEStiga
tion in 72 6- to 9-)e:lr -old Ecuadolffins found 
that there where mothers worked in floricul
ture during pregnancy scored lo\f\.er on the 
Stanford-Binet Copying Test than unexpcred 
children. Concurrent exposure to OPs, a:; 
~ bythechildren'surinarydialkyl phos
phate (DAP) rretabolite le..els, wcscssociated 
with increa::ed reaction tirre, but not with 
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other domains of neurobehavior (Grand jean 
etal. 2003). Ra:ently, Rauhetal. (2003)exan
ined the relatiorship of maternal blood levels of 
chlorpyrifcs, a diethyl phcsphate p:sticide, dur
ing pregnancy and performance on the Bayley 
SalEs of Infant De.eloprrent of 254 inner -city 
minority children through 3 years of age. 
Thrre-)631" -olds with high prenatal chlorpyrifcs 
shovl.e::l significa1tly more delays in r:efchorno
tor and mental development, and mothers 
reported more attention problems and symp
tomsof ~\e c:e.eoprrental problars. 

In the pre:ent study, we investigated 
neurodeJeloprrent and behavior in a cohort of 
children from primarily Latino, farmworker 
families living in the Salinas Valley of 
California. We pre.tiously reported that mater
nal prenatal DAP urinary metabolite IEM:!Is in 
this cohort \/\.ere significantly higher than for 
the general U.S. population sampled in the 
National Health and Nutrition Examination 
Sur'vey (N HANES) survey (Bradman et al. 
2005; CDC 2006). Additionally, \/I.e found 
prenatal OAFS to be a:rociated with shortened 
g:stational duration (Eskenazi et al. 2004) and 
abnormal neonatal reflexEs, but not other elL& 
ters, on the Brazelton Neonatal Behavioral 
As::es5rnent Scale (Young et al. 2005). We 
now pre::ent findings on the relationship of 
maternal prenatal and child DAP le.tels with 
performance on the Bayley Scales through 
2 years of~ and with maternal reports of 
behavior on the Child Behavior Checklist 
(CBCL) at 2 )€8IS of~· 

Materials and Methods 
Participantsand tmUitnmt. The Center for 
the Health Assessment of Mothers and 
Children of Salines (CHAMACOS) of the 
Center for Children's Environmental Health 
Research at the University of California, 
Berkeley, sponsors a prcspecti've cohort study 
of thea:rociation of pesticic:IEsand other envi
ronmental expcsures on the health of preg
nant women and their children living in the 
~ricultural Salines Valley, California. 

Detailed methods for the CHAMACOS 
study ha.€ bEen c:~Es:;ribed effilvhere (Eskenazi 
et al. 2004, 2006). Pregnant women were 
g;rEEf1Ed for eligibility betw:en October 1999 
and 2000. Eligible women \/\.ere~ 18 years 
old,< 20w:eksg:station, Spanish- or English
~ing, eligible for Medi-Cal, ra:eiving pre
natal care at one of six community clinics 
rerving primarily farmworker families, and 
planning to deliver at Natividad Medical 
Center. All participating women Qi3've written 
informed conrent. The institutional review 
board at Uni'versity of California, Berkeley, 
approved thestudy. 

We follo\1\.ed 531 women to deli'very of a 
liveborn, surviving neonate. We excluded 
from analys:s children who lacked a neuro
de.teloprrental a:a:Jffilllent (n = 71 ), who did 

not have prenatal and relevant concurrent 
DAP metabolitesm:asured (n = 3), \/\.ere not 
singletons (n = 8), or had a medical condition 
which could affect a:a:Jffilllent (n = 3; Down 
syndrome, deafness, hydrocephalus). We 
excluded Bayley results if raN scores \/\.ere too 
low for standardization (n = 3, 1, and 1 for 
6-, 12-, and 24-month a:a:ssrnents, respec
tively), or if ~d by a psychometrician 
who had completed too few for statistical 
adjustment (n = 4 at 6 months). Bayley analy
s:s included 396 infants at 6 months, 395 at 
12 months, and 372 at 24 months. In a few 
c:axs, a child had a valid score for only the 
Bayley Mental De.telopmentallndex (MDI) 
or FSychomotor De.telopmental Index (PD I ) 
(Bayley 1993). A total of 356 mothers com
pleted the CBCL at the 24-month visit. 

Maternal intetvie1!VS and assessments. 
Women \/\.ere intervie.rved twice during preg
nancy (rrmn = 14.0 and 26.6 w:eksg:station ), 
shortly after deli'very, and when children \/\.ere 

6, 12, and 24 months old. Interviews \/\.ere 
conducted in Spanish or English by bilingual, 
bicultural interviat\ers. Motrers\1\.ereadminis
tered the Peabody Picture Vocabulary Test 
(PPVT) (Dunn and Dunn 1981) to ax:ess 
scholcsticabil itiEsat tre 6-month visit, and tre 
Center for Epidemiologic StudiES DeprESSion 
Scale (CES-D) (Radloff 1977) at the 
12-month visit. The Infant-Toddler HOME 
(Horne Ol::rervation for MEESUrerrent of tre 
Environment) (Cald\1\.ell and Bradley 1984) 
instrument wcs completed at 6 and 12 months 
of ~' and 32 of 45 itars \/\.ere completed at 
24 months. Prenatal and delivery medical 
ra::ords \/\.ere cb;trccted by a registered nurre. 

Neutode.ekprmtal and b:ilavioral out
am:s Bayey SalEs of Infant Development. 
The Bayley ScalES of Infant Development, 
S:cond Edition (Bayley 1993) a:a:ffi tre de..€1-
opmental functioning of infants and young 
children. The MD I charccteriZES a variety of 
cogniti'veabi litiES, and tre PD I characteriZES 
l~mu::deand fine motor coordination. Both 
scalES \/\.ere administered in Spanish and/or 
English by p:ryd1orretricians blind to exp::sure. 
FSychorretricians \/\.ere trained using standard
i2ECI protocols and \/\.ere supervis:d for quality 
cssurance by a clinical neuropsychologist. 
Aa:ssrrellts\1\.ere performed in a private room 
at the CHAMACOS rexarch office or in a 
IEmStion 'vehicle (RV) modified to be a mobile 
tESting mlity. Children Vl.ere~ on a.€1"

~ (rrmn ± SD) at 6.6 ± 1.1 months, 12.8 ± 
1.6 months, and 24.6 ± 1.1 months. Eaf1 g:ale 
is standardi2ECI by~ to rrmn = 100 and SD = 
15. &ores> 1 SD below tre m:an (i.e., < 85) 
indicate prn;ible dEM:!Ioprrental delay. 

CBCL. The 99-item CBCL for Ages 
1.5-5 (Achenbach and RESCOrla 2000) wcs 
administered to mothers to ax:ess 2-year
olds' emotional/behavioral problems and 
competencies. The CBCL has been widely 
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Lred in cra&eultural rexarch and collEcts data 
on a range of behavior problems, yielding 
scorES for reveral syndrome scalES and five 
g:aiES dESigned to be consistent with Dia;ratic 
and Statistical Manual of Mental Di::r:mhs 
(DSM) diagnores (American Psychiatric 
Association 2000). A priori, \/I.e chcre thrEe 
g:ale; to exanine in relation to OAFS l:xrecl on 
the animal literature (Eskenazi et al. 1999): the 
Attention Problems syndrome scale, which 
incluc:IEssuch itarscs "ca1't concentrate" and 
"can't sit still"; the DSM-oriented Attention
Deficit/ H ypercctivity Disorder (AD H D) g:ale, 
which additionally includES such itarscs "gets 
into everything"; and the DSM-oriented 
Pervasive De\elopmental Disorder (PD D) 
g:ale, which includESsuch itarscs "avoidseye 
contact," "rocks hEad, body," and "unrespon
si've to affEction," which are "ratedcs 'very con
sistent with Asperger's Disorder and Autistic 
Disorder" (Achenba::h and Rffi::orla 2000). A 
score considered of "clinical" significance is 
> 98th percentile of the national normati've 
sample, and of "borderline" clinical signifi
cance is> 93rd percentile. 

Pesticideeq:osute11&15Utmmt We rre:s
ured six nonspecific OP DAP metabolitES in 
maternal and child urine: thrredimethyl (DM) 
phosphate metabolitES (dimethyl phosphate, 
d imethylthiophosphate, d imethyld ithiophcs
phate); and thrEe diethyl (DE) phosphate 
metabolitES (diethylphosphate, diethylthio
phosphate, and diethyldithiophosphate) 
(Bradman et al. 2005). ThEre six metabolitES 
represent the by-products of approximately 
80% of OPs used in the Salinas Valley. 
Maternal urine wcs also analy2ECI for metabo
litES specific to malathion [malathion dicar
boxylic acid (MDA)], and chlorpyrifos 
[3,5,6-trichloro-2-pyridinol (TCPy)] (OiffiOn 
et al. 2003). M DA levels \/\.ere missing for 
91 women becaure of analytical problems. 
ValUES below the limit of detection (LOD) 
\1\.erea::signed a value of LOD/(-Y2). Urinary 
creatinine concentrations were determined 
using a commercially available diagnostic 
enzyme method (Vitrcs CREA slidES; Ortho 
Clinical Di~ncstics, Raritan, NJ). 

Urine sp=cimens\1\.ere usually collected at 
the time of interview and \/\.ere aliquoted and 
stored at -aooc until shipment on dry ice to 
the CDC (Atlanta, GA). DAPs metabolites 
were mecsured using gas chromatography
tandem mess spectrometry and quantified 
using isotope dilution calibration (Bravoet al. 
2002). Detai Is of urine collection, analysis and 
quality control procedures, including detec
tion limits and t.re of blanks and spikES, are 
~ibed effilvhere (Bradman et al. 2005). 

Serum levels of dichlorodiphenyl
trichlorcethane (DDT) and dichlorodiprenyl
dichlorcethylene(DDE) (p,p'-DDT, o,p'-DDT, 
p,p'-DDE), 13-hexachlorocyclohexane, hexa
chlorol::len2ene, and polychlorinated biprenyls 
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(PCBs) IJ\.ere mEE6Uied in 360 prenatal blood 
scmpiES using ga:; chromata;:Jraphy-high rESO

lution rrrcm sp:ctrorretry rrethods (Barret al. 
2003). OC and PCB mecsurES were lipid
adjusted. Total PCBs were derived from 
rerum levels of cong:mers 138, 153, and 180 
(NEEdhan et al. 2005). LEa::l wcs m:esured in 
cord blood using graphite furnace atomic 
ctrorption sp:ctrophotorretry. 

similar to there in models containing either 
prenatal or postnatal exposure:; alone. E3Ernt.s:! 
a large proportion of women had nonde
tEctable le..els of M DA and TCPy, 1J1..e catego
rized levels into three groups for each 
rretabolite: < LOD for both pregnancy rre:s
urements, and for there with at least one 
detectable level, subdivided below and abo-.e 
the rredian of the ave~ pregnancy le..el. 

Data analysis. No~ific DAP rretabo
litES (nanomoiES ~r liter) ~J~..ere sumrred and 
transformed to the log10 scale. We created 
"pregnancy" DEs, D Ms, and total DAP valUES 
by averaging the two la;:J-transformed preg
nancy m:esure:;. The two pregnancy total DAP 
mecsurernents ~J~..ere correlated (r = 0.14, p = 
0.005) and did not significantly differ (paired 
t-tESt = --0.28, p = 0.78). For 29 \J\.Orren, only 
one DAP m:esuranent wcs atai lable. Prenatal 
and postnatal DAP mecsure:; ~J~..ere uncorre
lated, ro 'v\€ plaoed both exposure:; into a single 
model for ecch outcome. Coefficients ~J~..ere 

To cm:ss the relatiorship betw:en rretabo-
1 i te levels and Bayley performanoe, 'v\€ con
structed reparate multiple regression models 
for MD I and PD I at each of the thrEe tirre 
points: 6, 12, and 24 months. Wee.taluated 
MDI and POl continuously using linear 
regre:Eion. We included thesare covariatES in 
all Bayley models. CovariatES 'v\€re relected for 
thEre analys:s if they ~J~..ere related to conditions 
of tESting [i.e., r:sJ'chorretrician (n = 4), loca
tion (office or RV), excct ~at cm:ssrrent]; 
related to neurode..€1oprrent in the literature 
and a:mciated (p < 0.10) with rra;t outcomES 

Table 1. Demographic characteristics (n = 447) of01AMAC03 study population, Salinas Valley, California, 
2000--2001 [no.(%)]. 

Olaracteristic Baseline 6months 12months 24months 
Olildsex 

Female 226(50.6) 
Male 221 (49.4) 

Maternal age (years) 
18--24 199(44.5) 
25-29 139(31.1) 
30--34 73(16.3) 
235 36(8.1) 

Parity 
0 144(32.2) 
21 303(67.8) 

Maternal education 
<6th grade 197 (44.1) 
7 -12th grade 163(36.5) 
Carpleted high school 87(19.5) 

Maternal country of birth 
Mexico 380(85.0) 
United States 59 (13.2) 
Qher 8(1.8) 

Married or living as married 
Yes 366(81.9) 
No 81 (18.1) 

Alcohol use during pregnancy 
Yes 4(0.9) 
No 423 (99.1) 

Snaking during pregnancy 
Yes 23 (5.2) 
Lived with smoker 37(8.3) 
No 387(86.6) 

Maternal depressivesyrrptioms(CEBD216) 
Yes 203(50.9) 
No 196(49.1) 

Breast-feeding at time of assessment" 
Yes 208(51.5) 124(30.6) 30(7.9) 
No 196(48.5) 281 (69.4) 350(92.1) 

Household ircane above poverty threshold' 
Yes 161 (38.0) 115(28.8) 125(33.8) 144(40.9) 
No 263(62.0) 284(71.2) 245(66.2) 208(59.1) 

1-01\!Escore (points)"·b 
0-25 34 (7.6) 1 (0.2) 
26--36 380(80.5) 232(55.9) 
>36 53 (11.9) 182(43.9) 

Percentages represent percent of known values. 
"Values at 6, 12, and 24 months of age are limited to population that had a Bayley assessment performed at that time. 
llt-OME score at 24 months of age is not complete. 

[i.e. rex, bra:st-fEEding duration (months), 
HOME s:;ore (continuous), and hourehold 
inc:orre]; or consistently related to neurode..€1-
oprrent in the literaturea€n if not in our data 
[i.e., parity and maternal FPVT (continuous)]. 
We clcssified hourehold i ncorre cs abo-.e or 
below po-.erty by comparing total hourehold 
i nc:orre to the federal po-.erty thre5hold for a 
hourehold of that size (U.S. Census BurEEu 
2000). In addition to the variables we 
included, we examined the potential con
founding effects of ffi'..€ral other variablES sug
gESted by the literature (i.e., maternal age, 
education, depre:Ei-.esymptorrs, cctive/p:mi-.e 
smoking exposure during pregnancy, regular 
alcohol ure during pregnancy, marital status, 
father's prerence in horre, housing density, 
maternal \J\.Orkstatus, ~ 15 hoursout-of-horre 
childcare/\11/Eek), but they did not markedly 
alter the ol:rer\ed a:mciations. For simplicity, 
the sare ret of c:ovariatES wcs ured for CBCL 
models with thrreexceptions: maternal depre:;
sion, found to be important (p < 0.10), wcs 
added, and p:;ychometrician and ~nt 
location were dropped, becaure s:;ore:; were 
ba3:;d on maternal report. CovariatES in final 
models ~J~..ere categorized cs noted in Table 1 , 
unlex; otherwirespecified abo-.e. To pre:er-.e 
the si2e of the analytic population, a:d1 miffi
ing covariate valt.e wcs imputed by randomly 
relecting a value from participants with non
missing valUES. Maternal depression had the 
larg:st percen~ of valUES ~a:~uiring imputa
tion (5%). Of remaining covariatES, betw:en 
O%and 1.8%ofvaiUES'v\€re imputed. 

In recondary analyses, we controlled for 
rorre ktors potentially on the caus3l pathway 
(birth weight, gEStational age, abnormal 
reflele;) and re-ran models excluding ION birth 
~J~..eight and preterm infants. We also considered 
whether controlling for other ~ted neuro
toxicants (i.e., PCBs, lead, and DDT) and 
other high-level exposure:; in our population 
(i.e., 13-hexachlorocyclohexaneand hexa
chloroben2ene) (Fenster et al. 2006) altered our 
results for OAFS in the sul:s:mple with both 
OAFS and the other chemical. Furthermore, 'v\€ 
exanined intercctionsbetvl.e:n child OAFS and 
child rex and, becaure 'v\€ previously ol:reMd 
an association with maternal DDT and 
24-month MD I (Eskenazi et al. 2006), 
betvl.e:n maternal OAFS and DDT. Finally, 1J1..e 

re-ran models using la;:J-transformed clffil:inine
adjusted rretabol itES for c:omparati-.e purpca:s. 

In addition, 'v\€ performed longitudinal 
data analys:s [~neral ized EStimating a:Juations 
(GEE)] of the relatiorship betw:en OAFS and 
Bayley s:;ore:;, which produced similar find
ings. ThEre GEE models included indicators 
for ~at ~t and intercrlion terms for 
most independent variables and age. We 
obtained a minor inCI'EEfe in precision when 
the effects of rorre potential confounders 'v\€re 

assumed constant over time. In addition, 
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assuming a single effect of OAFS over time 
also produred small incra:s:s in precision of 
the relevant regre:Eion coefficient EStimators, 
butcgain thegainsV1€1'eslight. Thus, \/I.e only 
preent the results from the cross-rectional 
analys:s for a:re of understanding. 

Results 
Women were primarily young and parous, 
and relatively feN had completed high g;hool 
(Table1). Mostmotherswereborn in Mexico 
andspokeSpanish (89%),and 23% had bEen 
in the United States::; 1 year at enrollment. 
NEErlyall (92%) lived with the child's father, 
and two-thi rdsof fami I ies I ived relow the fed
eral poverty threshold (U.S. Census BurEEu 
2000). Most women (82%) lived with one or 
more farmworkersand 43% worked in cgri
culture therrrel'v€5 during pregnancy. Almost 
no mothers consumed alcohol regularly dur
ing pregnancy, and feN smoked or lived with 
a smoker. Half had symptoms of depre:Eion 
1 yEEr postpartum. The average maternal 
PPVT score wcs in the low normal range, 
avercging86 ±21. 

One-third of children were first-born 
(Table 1 ). Almost all were initially bra:st-fed 
(96.6%), half for~ 6 months, and 29% still 
bra:st-fed at 12 months of eye. Fevv children 
lived in homeenvironmentsconsidered tore 
of low quality in terms of stimulation and 
interaction (HOME scores< 26) at 6 (8%) 
and 12 (< 1%) months of eye. 

The g:Dmetric mEEn (GM) of pregnancy 
DAFSwa5114.9 nmoi/L (Table2). Child le.t
els incra:m::l with eye, with total DAFSavercg
ing 45.5, 59.5, and 70.9 nmoi/L at 6, 12, and 
24 months of eye, rep:rlively. Maternal OAFS 
were uncorrelated with child OAFS (r = 0.04 
with a:ch eye, p = 0.40 to 0.47); The 12- and 
24-month OAFS Vl€l'e correlated (r = 0.20, p < 
0.001) but neither wcs correlated with 
6-month OAFS. D Ms were similarly corre
lated, but there wa5 no correlation of DE rrm
surementsacrosscges. Ho\t\ev'er, at any given 
eye, the DEsand DMs\1\.eresignificantlycor
related (r= 0.28--0.50, p < 0.001 ). 

.Asshown in Table2, <40%of MDAiaels 
were above the LOD; the median detectable 
level wa5around 11JQ/L Most (91%) mothers 
had detectable rerum TCPy, with a median 
level around 41JQ/L 

At 6, 12, and 24 months of eye, respec
tively, Bayley PO I scores (mEEn ± SO) were 
96.4 ± 10.6, 106.0 ± 12.6, and 97.5 ± 10.6, 
and MDI scoresiJI.ere95.7 ± 7.0, 100.6 ± 8.9, 
and 85.9 ± 11.8 (Table 3). The proportion of 
MDI scores< 85 increa::ed dramaticallyat 
24 months with 50%< 85 relative to 3-4% on 
EErl ier cm:g;rrents. On the CBCL, more chi 1-
drenscored in theclinical ra~on the DSM
oriented pervasive developmental disorders::ale 
(14.4%) than the national reference sample 
(::; 3%) (binomial test p < 0.0001 ), although 
similar to the expected proportion of children 
scored in the clinical range on theattention 
problems syndrome (2.0%) and AD H D 
(3.3%)s::ales (Table3). 

Table 4 preents the change [and 95% 
confidence intervals (Cis)] in POl and MDI 

scores cssociated with a 10-fold increa::e in 
metabolites, controlling for co\ariates. Results 
Vl€l'esimilar in unadjusted models. We did not 
CJb:a\e any statistically significant a:rociations 
retw:en metabolite levels and PO I at any eye. 
We obEerved an overall pattern of negative 
cssociationsbet\f\IEEn pregnancy metabolites 
and MD I, and positive cssociations ret\f\IEEn 
concurrent child metabolitesand MDI, which 
were not statistically significant until the 
24-month ~nt. Specifically, for every 
10-fold incra::t:e in pregnancy OAFS, we found 
a 3.5 point decrea::e in the 24-month-olds' 
MD I (95% Cl, -6.6 to -0.5; p = 0.02); haN
ever, for every 1 0-fold incra::t:e in the OAFS at 
24 months, weC>b=a\eda2.4 point incra::t:e in 
MD I (95% Cl, 0.5 to 4.2; p = 0.01 ). We 
attribute the associations with total OAFS 
la~ly to the D M metabolites, which indicated 
a similar pattern of results. 

Table 5 summariZES multiple regression 
results for CBCL outcomes. Becat.reof small 
numrers (Table 3), we ured lESS conrervative 

Table 3. Neurodevelopmental scale measures at 6, 12, and 24 months of age and neurobehavioral out
comes at 24 months of age (CHAMACDS Study, Salinas Valley, CA, 2000--2003). 

~velopmental/behavioral assessnent No. Mean± SJ No. (%)with problem" 
Bayley &:ales of Infant ~velopment 

rvDI 
6months 
12months 
24months 

FDI 
6months 
12months 
24months 

an_ 
Brpiricallybasedscales 
Attention problerrs syndrane 
ainical (>97th perrentile) 
Border! ineb (> 93rd perrenti le) 

D31'vl-oriented scales 
AD-D 
a i nical (> 97th percentile) 
Border! ineb (> 93rd perrenti le) 

fU) 

a i nicalb (> 97th percentile) 
Borderline(> 93rd percentile) 

395 
393 
369 

396 
392 
371 

356 
356 

356 
356 

355 
355 

95.7±7.0 17(4.3) 
100.6±8.9 13(3.3) 
85.9± 11.8 184(49.9) 

96.4±10.6 51 (12.9) 
100.0±12.6 12(3.1) 
97.5±10.6 56(15.1) 

7 (2.0) 
30(8.4) 

10(2.8) 
34(9.6) 

51 (14.4) 
105(29.6) 

"For Bayley scales, "problem" is defined as scoring more than one standard deviation below the mean, i.e.,< 85. bCBa.. 
category used for regression models. "Clinical" is a subset of "borderline." 

Table 2. Urinary DAP metabolite measurements in mothers and children and pesticide-specific metabolites (MDA and TCPy) in mothers (01AMAC03 Study, 
Salinas Valley, CA, 2000--2003). 

[)C>fS (nmoi/Ll::b Pesticide-specific metabolites loo/L! 
Total [)C>fS Total OMs Totaii:Es M[)C>..C 10¥ 

No. Gfv1 (95%CI) Gfv1 (95%CI) Gfv1 (95% Cl) ~teet<~ Median" ~teet<~ Median" 
Matemal 

1st pregnancy 442 113.5 (100.5-128.2) 83.7 (73.2-95. 7) 16.1 (14.6-17.8) 33% 1.03 71% 3.76 
2nd pregnancy 419 116.9 (100.2-128.7) 78.4 (70.3--87.6) 20.9 (18.6-23.5) 25% 0.96 82% 4.60 
Averager 445 114.9 (105.7-125.0) 81.5 (74.3--89.5) 18.1 (16.7-19.7) 39'%9 0.829 91%9 3.549 

Child 
6months 405 45.5 (39.6-52.3) 23.8 (20.4-27.8) 10.6 (8.9--11.9) 
12months 394 59.5 (51.7-QS.S) 32.9 (27.6-38.9) 15.2 (13.5-17.2) 
24months 373 70.9 (61.4-81.9) 48.6(41.6-56.6) 10.5 (8.6-12.6) 

Cl, confidence interval. 
"Urinary metabolites, not adjusted for creatinine. bMeasurements below the LOO were assigned a value of LCD/02. 0n = 356 for pesticide-specific metabolites. dPercent above the LCD; 
for average pregnancy, this represents percentage with at least one of two measures above the limit of detection. "Median values for those with at least one measurement above the 
LCD. fAverage of baseline and 26-week matemal pregnancy measures. 9Ciassified as below the LOO if both pregnancy values are below the LOD. If one value is below the LCD, a value 
of LOD/~2 is substituted for below the LOO value before averaging. 
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"borderline" cut points for attention-related 
outcomES. We did not oi:Eerveany significant 
associations for these two scales with any 
OAFS mea5Urement. The only covariate we 
found to be significantly related to risk of 
attention problerrs and AD H D wcs maternal 
depre:Eion: Mothers who reported deprESSive 
symptomatology 12 months postpartum had 
nEErly 3-fold odds for reporting that their 2-
year-old had attention problerrsand ADHD 
[odds ratio (OR)= 3.1; 95% Cl, 1.3 to 7.2; 
p = 0.01; and OR= 2.7; 95% Cl, 1.2 to 5.9; 
p = 0.01, resp:ctively]. 

a:ch 10-fold incra:re in rretabolitES (prenatal 
OAFS OR= 2.3; 95% Cl, 1.0 to 5.2, p = 
0.05; 24-month OAFS OR= 1.7; 95% Cl, 
1.0 to 2.9, p = 0.04) We oi:Eerved similar sta
tistically significant cssociations for prenatal 
DM and 24-month DE exposures (Table 5). 
The only other covariate associated with 
report of POD wcs maternal PPVT, which 
wcs negatively cssociated with risk of POD 
(fora:dl point incra:re in PPVT, OR= 0.98; 
95% C I, 0.96 to 0.99; p = 0.001 ). 

We did, however, ol::rerve that children 
with higrer prenatal and postnatal total OAFS 
\/\ere at significantly higher risk of PD D, with 
an approximately 2-fold increa::e in risk for 

Controlling for birth \/\eight, gEStational 
~. abnormal neonatal refleXES, or additional 
chemical exposures did not substantially 
~our results. Results did not differ by rex 
oftrechild foranyoftreanalya:s.lnaddition, 
although we previously oi:Eerved an a:rociation 

Table 4. Adjusteda coefficients (13) (95% Cis) in points on the POl and MDI of the Bayley Scales of Infant 
Development for a log10 unit increase in pesticide urinary metabolites. 

Bayley Scales of Infant Development MDI a FDia 

Total DAR> 
6months 
Prenatal -1.15 (-2.89 to 0.59) -D.71 (-3.28to 1.86) 
Child -D.17 (-1.23 to 0.90) 0.39 (-1.18 to 1.97) 

12months 
Prenatal -1.34 (-3.59 to 0.92) -D.60 (-3.77 to 2.57) 
Child 1.36 (-D.OS to 2.78)* 1.22 (-D. 78 to 3.21) 

24months 
Prenatal -3.54 (-6.59 to -D.49)** -1.28(-4.01 to 1.46) 
Child 2.37 (0.50 to 4.241 1.06 (-D.62 to 2.74) 

OMs 
6months 
Prenatal -D.95 (-2.52 to 0.62) -D.55(-2.88to 1.77) 
Child -D.31 (-1.28 to 0.67) 0.28 (-1.17 to 1.72) 

12months 
Prenatal -1.06 (-3.12 to 0.99) -1.15(-4.03to 1.74) 
Child 0.75 (-D.44 to 1.93) 0.46 (-1.22 to 2.13) 

24months 
Prenatal -3.64 (-6.36 to -D.91f -1.24(-3.70to 1.21) 
Child 2.01 (0.24 to 3.78)** 1.01 (-D.58 to 2.60) 

CEs 
6months 
Prenatal -D.16 (-1.96 to 1.65) 0.02 (-2.63 to 2.67) 
Child 0.24 (-D.78 to 1.25) 0.60 (-D.89 to 2.09) 

12months 
Prenatal -1.14(-3.51 to 1.22) 0.30 (-3.03 to 3.63) 
Child 1.89 (0.21 to 3.58)** 1.91 (-D.46 to 4.27) 

24months 
Prenatal -D.85 (-3.98 to 2.27) -D.86 (-3.64 to 1.92) 
Child 1.02 (-D.52 to 2.57) 0.30(-1.07to 1.67) 

•Models adjusted for psychometrician, location, exact age at assessment, sex, breast-feeding duration, l-OME score, 
household income above poverty threshold, parity, and maternal PPVT. *p <; 0.10; **p <; 0.05; lip<; 0.01. 

Table 5. Adjusteda CRs (95% Cis) for syndrome scores in the clinicial (0..) or borderline clinical (BL) range 
on the csa.. at 24 months of age for DAPs urinary metabolites. 
an_ Attention (B_)" ,A[]-{) (B_)" R:D(Q)" 

Total DAR> 
Prenatal 0.77 (0.27-2.24) 1.34 (0.50-3.59) 2.25 (0.99--5.16)** 
Child 1.41 (0.75-2.64) 1.11 (0.61-2.03) 1.71 (1.02-2.87)** 

OMs 
Prenatal 0.78(0.31-1.96) 1.27 (0.53-3.04) 2.19 (1.05-4.58)** 
Child 1.54 (0.85-2.76) 1.10 (0.63--1.94) 1.52 (0.94-2.45)* 

CEs 
Prenatal 0.78 (0.26-2.31) 0.59(0.21-1.68) 0.88 (0.37 -2.07) 
Child 1.02(0.61-1.71) 1.18(0.72-1.94) 1.72 (1.12-2.64)** 

•Models adjusted for sex, exact age at assessment, breast-feeding duration, l-OME score, household income above 
poverty threshold, parity, maternal PPVf, and maternal depression. *p <; 0.10; **p <; 0.05. 

with maternal DDT and 24-month MDI 
(Eskenazi et al. 2006), we did not oi:Eervean 
intercrlion betw:en DDT and prenatal OAFS. 
Overall, adjusting rretabolitES by crEEtinine 
yielded results similar to primaryanalya:s, with 
sorre ccefficients becoming slightly stronger 
and sorre\l'vffiker. Tre oi:Eerved negativem;o
ciation of prenatal rretabolitES and 24-month 
MDI diminishe::l sorre.Nhat (total DAPS: 13 = 
-3.0;95%CI,--6.1 to0.1;p=0.06; OMs: 13 = 
-3.1; 95% C I, -5.9 to -0.4; p = 0.03 ). 
Creatinine-adjustment of child rretabolitES 
also reduced the positive a:rociations of total 
DAPS(I3 = 1.7; 95% Cl, --0.3to 3.7;p= 0.09) 
and D Ms (13 = 1.4; 95% Cl, --0.5 to 3.3; p = 
0.14) on MDI at 24 months. CBCL results 
changed little with CrEEtinineadjustrrent. 

No significant a:rociations were oi:Eerved 
between M DA or TCPy and any Bayley or 
CBCL outcome; (Table6). 

Discussion 
We have previously reported in this cohort a 
relationship betw:en DAP rretabolitES during 
pregnancy and both shortened gEStation and 
poorer neonatal reflexes. ThEre cssociations 
weres:en primarily with dirrethyl phosphate 
rretabolitES. Results from the pre:Ent in\Stiga
tion sugJ:S1: that DAP rretabolite le.tels during 
pregnancy, particularly from dirrethyl phos
phate pESticidES, may be ne;:Jatively cssociated 
at 24 months with mental cle..€1opment (MD I) 
on tre Bayley &alEs and an i ncra:re in risk of 
maternally reported POD. We also oi:Eerved a 
curious positive a:rociation of postnatal OAFS 
with MD I; however, thEre postnatal rretabo
litESwerea:rociated with an incra:red risk of 
POD. Results persisted after controlling for 
otrer chemical exposures and were indepen
dent of previously ol::rerved cssociations of 
shortened gEStation and poorer reflexES. 

Although we oi:Eerved a:rociationsbetw:en 
neurocle..€1oprrentand OAFS, wes:w no such 
associations with metabolites specific to 
malathion (M DA) or chlorpyrifos (TCPy). 
Malathion isoneofre.eral pESticidESde.tolving 
to D Ms, and chlorpyrifcs is one of re.eral pes
ticidESde.tolvingto DEs; MDAand TCPyare 
only moderately correlated with D Ms and 
DEs, resp:cti'vely (M DA and D Ms: r = 0.2 to 
0.3, p < 0.001; DE and TCPy: r = 0.1 to 0.2, 
p < 0.04). Thus, tre oi:Eerved a:rociationswith 
OAFS may be attributed to compounds other 
than just thEre two. For example, oxyderreton
rrethyl, for which \1\ecannot rra::surea~ific 
rretabolite, is a widely us:;d DM in treS:llincs 
Valley that isreveral timES more neurotoxic 
than malathion (Castorinaetal. 2003). 

Few previous studiES have examined low
leJel exposure to OP pESticidES and children's 
neurocle..€1opment using exposure biomarkers. 
Di!W comparison with existing studiEs is com
plicated by differena:s in tre expcsure g:enario 
or measurerrentsand neurodeveloprrental 
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cm:ssrrent rrethods. For example, a ra:ently 
published crcss-s:ctional study from Ecuador 
lacke::l biomarker -bcEecl pregnancy expcsures, 
but DAP rretabolitES in 6- to 9-)e:lr-olds\/'vere 
associated with increased reaction times 
(Grandja:m et al. 2006). In comparison, our 
study wcs lar~r and longitudinal, allowing for 
two pregnancy and thrreEErly childhood DAP 
rra:lSUrerrents, but \I've cm:ss::d different out
come;and in youn~rchildren. Grandjean 
et al. (2006) reported that their DAP levels 
V'veresimilar to levels for 6- to 11-)e:lr-old U.S. 
children participating in NHANES (CDC 
2006). OAFS in our children \l'vere loVI.er than 
there in N HANES, but our children \l'verecon
siderably youn~r than there sampled in the 
national study. We oaerved a rire in OAFS 
from6 monthsto2 years of~, which is likely 
to continue 26 the children intera;t more with 
trei r environment. Ps in our study, Rauh et al. 
(2006) ured the Bayley &alES and CBCL to 
cm:ss neurode.eloprrent in a cohort of chil
dren up to 3 years of~. but rra:lSUred chlor
pyrites, a DE pESticide, in pregnancy bloods. 
Rauh et al. found in'vel'rea:rociationsof chlor
pyrifcswith mental development and ~rvasive 
developmental disorder, results that Vl.e found 
with total DAP and D M, but not DE or 
TCPy, rretabolitES. Unlike that study, Vl.e did 
not oaervecssociationswith POl or atten
tional deficits. Ho\1\e\er, tre expcsures::enario 
in an qJricultural community is likely quite 
different from that in an urban environrrent. 
Additionally, Rauh et al. (2006) found no 
effEct at 2 years of~. only at 3 years. 

We oaerved that OAFS in children \l'vere 
pcsitively a:rociated with neurodeveloprrent. 
We have no Jffidy explanation for this finding. 
One pax;ibleexplanation is that children with 
higher cognitive functioning may be more 
intercctive with treir environrrent, leading to 
higher expcsure to pESticide residUES. The pre
natal rrecsurerrents do not suffer from the 
same iffiues of unknown temporal order in 
that they clearly prece::led the measurES of 
child development. Anotrer pax;ibility is that 
children who eat more fruits and veytabiES 
may have higher DAP levels, but becaure of 
better diets have higrer functioning. 

DAP metabolitES are limited 26 biomarkers 
of expcsure. Ra:ent studiEssuoo:st that urinary 
rretabolite levels may reflEct expcsure not only 
to OP parent compounds, but also to the 
potentially ieffi toxic ambient rretabol itES (Lu 
et al. 2005). Also, becaure expcsure to OPs 
variES considerably from day to day, OAFS 
from spot urine samplES may not repre::ent 
aver~ expcsure over time. Although we 
oaerved significant correlations betw:en sorre 
DAP rrecsurES over tirre, the::e correlations 
V'verew:ak. Preliminary results from our Center 
indicate that children's DAP measurerrents 
more than a few days apart are uncorrelate::l, 
SLJgJ:Sting ronsiderable int~rron variability 

(A Bradman, ~rronal communication). Any 
rra:lSUrerrent of OPsin urine or blood reflEct 
expcsure during the brief (usually< 48 hr) 
anta:a::lent period and trerefore may not a:x::u
rately reflect expcsure throughout the entire 
critical ~riod of neurodeveloprrent. While 
adjustrrent for creatinine mute::! the positive 
cssociations \I've oaerved with child rretabo
litESand 24-month MDI, such an adjustment 
warrants caution. Although widelyaxepted in 
occupational studiES of nonpregnant adults, 
creatinine adjustment may not be appropriate 
for rretabolite levels in populations undergo
ing rapid physiologic chan~, such 26 preg
nant women and young children, due to high 
intraindividual variability in creatinine excre
tion (Boenigeretal. 1993). 

Another limitation of this study is that \I've 

conducte::l many analy,xs and did not adjust 
for multiple comparisons. Hovve.ter, becaure 
of tre interrelationshipsarnong tre expcsures 
and among the outcomES, the comparisons 
we made were not entirely independent. 
Sj:Eifically, tre urinary DM and DE rretabo
litESaresul:rets of tre total OAFS and are trere
fore highly correlate::! with total OAFS at a:ch 
tirre (OAFS and D Ms: r = 0.9 to 0.96. p < 
0.001; DAPs and DEs: r = 0.6 to 0. 7. p < 
0.001 ). In addition, MD I and PO I \l'vere mod
erately correlated at each of the three tirre 
points (r = 0.3--0.5; p < 0.001) and, although 
not 26 strongly, acrcss qJES (r = 0.1--0.2; p < 
0.01 ), and the thrre CBCL outrome; Vl.e con
sidered \l'vere a:rociate::l with one another (chi
squarep < 0.001 for all rombinations). Thus, a 

Bonferroni correction might be considered 
unduly ronrervati've (Bland and Altman 1995). 

This study also hcs a number of strengths. 
Becaure children, e;pecially there from eco
nomically impo'verished environrrents, may 
be expcred to otrer environmental qJents, Vl.e 

collected extensive information about addi
tional environmental expcsures and rra:lSUred 
many with biomarkers, including lead, OC 
pesticidES, and PCBs. We previously found 
that the CHAMACOS mothers had high 
rerum IEM:!Isof certain OCs, such 26 DDT and 
DOE, becaure many women had originated 
from Mexico wrere thee pESticidES \l'vere us:d 
more ra:ently (Bradman et al. 2006). We have 
determine::! in our population that both the 
previously reported association of maternal 
DDT with MD I (Eskenazi et al. 2006) and 
the pre:ent a:rociation of maternal OAFS with 
MD I persisted when there exposurES were 
modeled simultaneously. 

Becaure our population wcs also relatively 
hom~neous, Vl.e could eliminate the poten
tial for other covariates to explain the 
observed ag;ociations. Yet because the 
CHAMACOSpopulationconsisted mcstly of 
children from low-inoorrefamiliES, theyVI.ere 
already at risk for poorer neurodeJeloprrent 
(Black et al. 2000). Although we obrerved 
< 5% with MDI scores< 85 at 6 and 12 
months of cge, at 2 years of cge almcst 50% 
showed pcssible deficits. Although this drop 
in scores at 24 months might be attribute::! to 
a lack of developrrentallystimulatingenvi
ronrrents, it is also pcssible that the Bayley 

Table 6. Adjusted3 coefficients (13) (95% Cis) in points on the MDI and POl of the Bayley Scales for prenatal 
urinary metabolites specific to malathion (MDA) and chlorpyrifos (TCPy). 

Bayley Scales of Infant Development MDI3 FDI3 

MDA. 
6months 
<!ill (reference) 
< Median detected 
2 Median detected 

12months 
<!ill (reference) 
< Median detected 
2 Median detected 

24months 
<!ill (reference) 
< Median detected 
2 Median detected 

ltPy 
6months 
<!ill (reference) 
< Median detected 
2 Median detected 

12months 
<!ill (reference) 
< Median detected 
2 Median detected 

24months 
<!ill (reference) 
< Median detected 
2 Median detected 

0.98 (-D.85 to 2.81) 0.42 (-2.34 to 3.18) 
-D.25 (-2.10 to 1.60) -1.45(-4.21 to 1.32) 

0.95 (-1.55 to 3.46) -D.53 (-4.05 to 3.00) 
2.40 (-D.13 to 4.94) 0.75 (-2.81 to 4.31) 

-1.09(-4.51 to2.32) -D.73 (-3.87 to 2.41) 
0.24 (-3.03 to 3.52) 0.33 (-2.68 to 3.35) 

0.24 (-2.12 to 2.60) -D.56 (-4.03 to 2.91) 
0.08 (-2.29 to 2.44) -D.21 (-3.69 to 3.27) 

-D.45 (-3.67 to 2.76) -D.70 (-5.26 to 3.86) 
-D.65 (-3.88 to 2.58) -1.62 (-6.20 to 2.96) 

-1.02 (-5.34 to 3.31) -2.65 (-6.50 to 1.21) 
-1.94 (-6.26 to 2.37) -2.72(-6.57to 1.12) 

•Models adjusted for psychometrician, location, exact age at assessment, sex, breast-feeding duration, l-OME score, 
household income above poverty threshold, parity, and maternal PPVT. 
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&ales, although having internal validity in 
our population, may not be a clinically valid 
tool in Sp3nish or in Latino immigrant com
munities. Similar finding:; of drop:; in MDI 
s::nre:;at 24 months of~ hate bEen s:en in a 
cra&reetionalstudyof children in s:miurban 
Mexico (Fernald et al. 2006) and in African
American and Dominican children in New 
York City (Rauh et al. 2006). The proportion 
of children with delays may decra::ee 26 they 
areexpcred to more enriched environments 
such 26 pre:chool. 

Wealsool:rel\e:Ja-.ery high proportion of 
CHAMACOSchildren with POD. Although 
DSM -oriented g:ale; ba:a:l on maternal report 
are not di~tlyequivalent to a DSM dicgncsis 
(Achenbach and Rescorla 2000), this high 
report of PD D merits further in\e51:igation and 
foiiON-up, esp:cially in light of a ra:ent study 
that hypothesized that OP exposure during 
critical prenatal periods of neuronal migration 
may pra:ipitateautiSll in a ~reticallyvulnera
ble population (D'Amelio et al. 2005). In a 
ca::e--control study of autiSll, D 'Amelio et al. 
(2005) reported a significant association 
among Caucasian Americans betw:En autiSll 
and certain variants of the paraoxona::e gene 
(PON1) that encodES theenzyrre re:;ponsible 
for OP detoxification. Thus, in future in\e51:i
gations, we will examine the interaction 
betw:en OPexpcsureand PON1 ~revariants 
and enzyrreexpre:lSion on the OOeM:d cmxi
ations with PD D (Furlong et al. 2006; 
Holland et al. 2006). FoiiON-upstudiEsof this 
cohort 26 they enter s::hool will determire the 
clinical significance and persistence of the 
ob:er\ed deficits and may shed light on the 
posit i-.e relationship:; with postnatal expcsure 
rra:surerrents. 

In summary, re report an ac::l\.erre cmxia
tion of prenatal organophosphate pESticide 
exposure 26 rne:sured by OAFS with mental 
development and pervasive developmental 
problems at 24 months of~- This study is 
one of the first to exanire the cmxiations of 
both prenatal and postnatal organophosphate 
expcsureon EErly neurode..€1opnnent. The nEg

ati-.e cmxiations of pregnancy DAP rra:sure:; 
with mental development should be inter
preted with caution gi-.en the pcsiti-.e postna
tal relationship:; re ob:er\ed and should be 
replicated in other populations. 
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